
CHAPTER II
THEORETICAL BACKGROUND AND LITERATURE REVIEW

2.1 Surfactants

S u r fa c ta n t s  p la y  a n  im p o r ta n t  r o le  in  t o d a y ’ s  l i f e  o f  n e a r ly  e v e r y  h u m a n  

b e in g .  In  o u r  d a i ly  l i f e  s u r f a c ta n ts  a re  i n v o lv e d  in  m a n y  a p p l i c a t io n s  o r  p r o d u c ts .  
T h e y  a re  u s e d  in  v a r io u s  a p p l ic a t io n s  r a n g in g  fr o m  e .g .  th e  m in in g  in d u s tr y  t o  th e  

n u tr it io n  in d u s tr y .  T h e  la r g e s t  m a r k e t  fo r  s u r f a c ta n ts  i s  th e  h o u s e h o ld  a n d  p e r s o n a l-  

c a r e  p r o d u c t  m a r k e ts .  T h e  p e r s o n a l- c a r e  s e c t o r  c o m p r is e s  o f  t o i l e t  s o a p s ,  h a ir -c a r e  

p r o d u c t s ,  s k in - c a r e  p r o d u c t s  a n d  o r a l c a r e  p r o d u c t s .  ( B e h l e r  et a l., 2 0 0 0 )
A  s u r fa c ta n t  ( a  c o n t r a c t io n  o f  th e  te r m  s u r f a c e - a c t iv e  a g e n t )  i s  a  s u b s t a n c e  

th a t , w h e n  p r e s e n t s  a t l o w  c o n c e n t r a t io n s  in  a n  a q u e o u s  s y s t e m ,  h a s  th e  p r o p e r ty  o f  

a d s o r b in g  o n t o  th e  s u r f a c e s  o r  in t e r f a c e s  o f  th e  s y s t e m  a n d  o f  a lt e r in g  t o  a  m a r k e d  

d e g r e e  th e  s u r f a c e  o r  in te r fa c ia l  f r e e  e n e r g ie s  o f  t h o s e  s u r f a c e s  ( o r  in t e r f a c e s ) .  T h e  

te r m  in t e r f a c e  in d ic a t e s  a  b o u n d a r y  b e t w e e n  a n y  t w o  i m m is c i b l e  l iq u id  p h a s e s ;  th e  

te r m  s u r f a c e  d e n o t e s  a n  in te r fa c e  w h e r e  o n e  p h a s e  i s  a  g a s ,  u s u a l ly  a ir  a n d  a n o th e r  

c a n  b e  a  l iq u id  o r  a  s o l i d .  ( R o s e n ,  2 0 0 4 )
S u r fa c ta n t s  a re  a m p h ip a th ic  m o le c u l e s  w h ic h  c o n s i s t  o f  a  n o n - p o la r  h y d r o -  

p h o b ic  p o r t io n ,  u s u a l ly  a  s tr a ig h t  o r  b r a n c h e d  h y d r o c a r b o n  o r  f lu o r o c a r b o n  c h a in  

c o n t a in in g  8 - 1 8  c a r b o n  a t o m s ,  w h i c h  is  a t ta c h e d  t o  a  p o la r  o r  i o n i c  p o r t io n  (h y d r o ­
p h i l i c ) .  T h e  h y d r o p h i l i c  p o r t io n  c a n , t h e r e fo r e ,  b e  n o n io n ic ,  i o n i c  o r  z w i t t e r io n ic .  
F ig u r e  1 s h o w s  a  ty p ic a l  s tr u c tu r e  o f  a  s u r fa c ta n t . T h e  h y d r o c a r b o n  c h a in  in te r a c ts  

w e a k ly  w i t h  th e  w a t e r  m o le c u l e s  in  a n  a q u e o u s  e n v ir o n m e n t ,  w h e r e a s  th e  p o la r  o r  

i o n ic  h e a d  g r o u p  in te r a c t s  s t r o n g ly  w i t h  w a t e r  m o le c u l e s .  (T a d r o s ,  2 0 0 5 )
A c c o r d in g  t o  th e  n a tu r e  o f  th e  h y d r o p h il i c  g r o u p , s u r f a c ta n t s  a re  c l a s s i f i e d  

in t o  fo u r  m a in  t y p e s  a s  f o l lo w s :
2 .1 .1  Anionic-, th e  h y d r o p h il ic  p o r t io n  o f  th e  m o le c u l e  b e a r s  a  n e g a t iv e  

c h a r g e ;  fo r  e x a m p l e ,  R C O C F N a + ( s o a p ) ,  R C 6 H 4 S 0 3 'N a + ( a l k y lb e n z e n e  s u l f o n a t e ) .
2 .1 .2  C ation ic: th e  h y d r o p h il i c  p o r t io n  b e a r s  a  p o s i t i v e  c h a r g e ;  fo r  e x a m p le ,  

R N H 3+C f  ( s a lt  o f  a  lo n g - c h a in  a m in e ) ,  R N ( C H 3) 3+C f  (q u a te r n a r y  a m m o n iu m  c h l o ­

r id e ) .
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2 .1 .3  Z w itterion ic : b o th  p o s i t i v e  a n d  n e g a t i v e  c h a r g e s  m a y  b e  p r e s e n t  in  th e  

s u r f a c e - a c t iv e  p o r t io n ;  fo r  e x a m p l e ,  R N +H 2C H 2 C O O ' ( lo n g - c h a i n  a m in o  a c id ) ,  
R N +( C H 3) 2 C H 2C H 2 S 0 3 ' ( S u l f o b e t a in e ) .

2 .1 .4  N o n i o n i c :  th e  h y d r o p h i l i c  p o r t io n  b e a r s  n o  a p p a r e n t  io n ic  c h a r g e ;  fo r  

e x a m p l e ,  R C O O C H 2C H O H C H 2O H  ( m o n o g l y c e r i d e  o f  lo n g - c h a in  fa t ty  a c id ) ,  
R C ôH 4 ( O C 2H 4 ) xO H  ( p o ly o x y e t h y le n a t e d  a lk y lp h e n o l ) .

Hydrophilic 
head group Hydrophobic tail

Figure 2.1 T h e  b a s ic  m o le c u la r  s tr u c tu r e  o f  a  s u r f a c e - a c t iv e  m a te r ia l .

A n i o n i c s  a re  th e  m o s t  im p o r ta n t  c l a s s  o f  s u r f a c ta n t s  r e g a r d in g  v o lu m e  

f o l l o w e d  b y  th e  n o n io n ic s .  C a t io n ic s  a n d  a m p h o t e r ic  s u r f a c ta n t s  a re  l e s s  im p o r ta n t .  
S u r fa c ta n t s  a re  g e n e r a l ly  a v a i la b le  fr o m  t w o  d i f f e r e n t  s o u r c e s :  p e t r o c h e m ic a l s  a n d  

o le o c h e m i c a l s .  T h e  f e e d s t o c k s  fo r  p e t r o c h e m ic a l s  a re  c r u d e  o i l  a n d  n a tu r a l g a s ,  fo r  

o l e o c h e m i c a l s  th e  fa t s  a n d  o i l s .
T h e  s o u r c e  o f  o i l s  a n d  fa ts  a re  v a r io u s  v e g e t a b l e  a n d  a n im a l  r a w  m a te r ia ls .  

T h e  v e g e t a b l e  o i l s ,  s o y b e a n ,  p a lm , r a p e  s e e d ,  a n d  s u n f lo w e r ,  a re  th e  m o s t  im p o r ta n t  

o n e s  r e g a r d in g  v o lu m e .  F a ts  a n d  o i l s  a re  t r ig ly c e r id e s  i .e .  e s t e r s  o f  f a t ty  a c id s  a n d  

g ly c e r o l .  T h e  c o m p o s i t io n  o f  th e  fa t ty  a c id  i s  d i f f e r e n t  in  th e  v a r io u s  fa t s  a n d  o i l s  a n d  

i s  d e c i s i v e  fo r  th e  fu r th e r  u s a g e .  G e n e r a l ly ,  th e r e  a re  t w o  d i f f e r e n t  t y p e s  o f  fa tty  

a c id s :  1. T h e  la u r ic  o i l  th a t c o n t a in s  h ig h  a m o u n t s  o f  la u r ic  a n d  m e d iu m  c h a in  fa t ty  

a c id s  l ik e  m y r is t ic  a c id ,  e .g .  c o c o n u t  o i l  a n d  p a lm  k e r n e l  o i l .  2 .  T h e  l o n g  c h a in  fa t ty  

a c id s ,  e .g .  s t e r i c k c i d ,  th a t  are in c o r p o r a te d  in  e .g .  t a l lo w  a n d  p a lm  o i l .
B a s e d  o n  fa t s  a n d  o i l s  th e  th r e e  t y p e s  o f  o l e o c h e m i c a l  r a w  m a t e r ia ls  a re  

a v a i la b le :  fa t ty  a c id s ,  fa t ty  a c id  m e t h y l  e s t e r  a n d  fa t ty  a l c o h o l .  T h e  la t te r  o n e  p la y s  

th e  m o s t  im p o r ta n t  r o le  a s  a  r a w  m a te r ia l  fo r  m a n u f a c t u r in g  o f  s u r fa c ta n ts  

( B e h le r  et al., 2 0 0 0 ) .
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2.2 Nonionic Surfactants

T h e  m o s t  c o m m o n  n o n io n ic  s u r f a c ta n ts  a re  th e  o i l s  a n d  fa t s  b a s e d  o n  e t h y ­
l e n e  o x id e ,  r e fe r r e d  to  a s  e t h o x y la t e d  s u r f a c ta n t s .  S e v e r a l  c l a s s e s  c a n  b e  d i s t in ­
g u is h e d :  a l c o h o l  e t h o x y l a t e s ,  a lk y l  p h e n o l  e t h o x y l a t e s ,  fa t ty  a c id  e t h o x y l a t e s ,  m o -  

n o a lk a o la m id e  e t h o x y l a t e s ,  s o r b ita n  e s t e r  e t h o x y l a t e s ,  f a t ty  a m in e  e t h o x y l a t e s  a n d  

e t h y le n e  o x id e - p r o p y l e n e  o x id e  c o p o ly m e r s  ( s o m e t i m e s  r e fe r r e d  to  a s  p o l y m e r i c  s u r ­
fa c t a n t s ) .

A n o t h e r  im p o r ta n t  c l a s s  o f  n o n io n ic s  i s  th e  m u l t ih y d r o x y  p r o d u c t s  s u c h  a s  

g l y c o l  e s t e r s ,  g l y c o l  (a n d  p o l y g l y c o l )  e s t e r s ,  g l u c o s id e s  (a n d  p o l y g l u c o s i d e s )  a n d  

s u c r o s e  e s t e r s .  A m i n e  o x i d e s  a n d  s u lp h in y l  s u r f a c ta n t s  r e p r e s e n t  n o n io n ic s  w i t h  a  

s m a l l  h e a d  g r o u p  (T a d r o s ,  2 0 0 5 ) .

2.3 Alcohol Ethoxylates (AE)

A l c o h o l  e t h o x y la t e s  ( A E )  a re  m a jo r  c l a s s  o f  n o n - i o n i c  s u r fa c ta n t  w h i c h  a re  

w i d e l y  u s e d  in  la u n d r y  d e te r g a n ts  a n d  t o  a  l e s s e r  e x t e n t  in  h o u s e h o l d  c le a n e r ,  in s t i -  

t io n a l  a n d  in d u s tr ia l  c le a n e r s ,  c o s m e t i c s ,  t e x t i l e ,  p a p e r  a n d  o th e r  p r o c e s s  in d u s tr ie s .  
A  n e w  d e v e lo p e d  m a n u fa c tu r in g  p r o c e s s  n o w  e n a b le s  th e  p r o d u c t io n  t h e s e  p r o d u c t s  

in  a  s in g le  r e a c t io n  s te p  th r o u g h  e t h o x y l a t i o n  o f  a  fa t ty  c h a in  a lc o h o l  s u c h  a s  d o d e -  

c a n o l .  S e v e r a l  g e n e r ic  n a m e s  a r e  g iv e n  t o  t h is  c l a s s  o f  s u r f a c ta n t s ,  s u c h  a s  e t h o x ­
y la t e d  fa t ty  a l c o h o l s ,  a lk y l  p o l y o x y e t h y l e n e  g l y c o l ,  m o n o a lk y l  p o l y e t h y l e n e  o x id e )  

g l y c o l  e th e r s ,  e t c .  A  ty p ic a l  e x a m p le  is  d o d e c y l  h e x a o x y e t h y l e n e  g l y c o l  m o n o e t h e r  

w it h  th e  c h e m ic a l  fo r m u la  (2 1 2 แ 25 ( 0 0 แ 2<2 แ 2 0 ) 6 0 แ[ ( s o m e t i m e s  a b b r e v ia t e d  a s  

C n E ô ) .  In  p r a c t ic e ,  th e  s ta r t in g  a lc o h o l  w i l l  h a v e  a  d is t r ib u t io n  o f  a lk y l  c h a in  le n g t h s  

a n d  th e  r e s u l t in g  e t h o x y la t e  w i l l  h a v e  a d is t r ib u t io n  o f  e t h y le n e  o x id e  c h a in  le n g t h s .a

R - O H  +  n C H 2- C H 2 --------►  R 0 - ( C H 2 - C H 2 0 ) n-H
A l c o h o l  E t h y le n e  O x id e  A l c o h o l  E t h o x y la t e

Figure 2.2 R e a c t io n  o f  e t h o x y la t e d  a lc o h o ls .
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T h e  c r i t ic a l  m i c e l l e  c o n c e n t r a t io n  ( C M C )  o f  n o n io n ic  s u r f a c ta n t s  i s  a b o u t  t w o  

o r d e r s  o f  m a g n i t u d e  lo w e r  th a n  th e  c o r r e s p o n d in g  a n io n ic s  w i t h  th e  s a m e  a lk y l  c h a in  

le n g t h .  T h e  s o lu b i l i t y  o f  th e  a lc o h o l  e t h o x y la t e s  d e p e n d s  b o t h  o f  th e  a lk y l  c h a in  

le n g t h  a n d  th e  n u m b e r  o f  e t h y le n e  o x id e  u n it s  in  th e  m o le c u l e .  M o l e c u l e s  w i t h  a n  

a v e r a g e  a lk y l  c h a in  le n g t h  o f  1 2  c a t o m s  a n d  c o n t a in in g  m o r e  th a n  5  E O  u n it s  a re  

u s u a l l y  s o lu b l e  in  w a t e r  a t r o o m  te m p e r a tu r e . H o w e v e r ,  a s  th e  t e m p e r a tu r e  o f  th e  

s o lu t i o n  i s  g r a d u a lly  r a is e d  th e  s o lu t io n  b e c o m e s  c lo u d y  ( d u e  t o  d e h y d r a t io n  o f  th e  

p o l y e t h y l e n e  o x id e  c h a in )  a n d  th e  te m p e r a tu r e  a t w h i c h  th is  o c c u r s  is  r e fe r r e d  to  a s  

th e  c lo u d  p o in t  ( C .p . )  o f  th e  s u r fa c ta n t . A t  a  g i v e n  a lk y l  c h a in  le n g t h ,  c.p. in c r e a s e s  

w it h  in c r e a s in g  E O  c h a in  o f  th e  m o le c u l e ,  c . p .  c h a n g e s  w i t h  c h a n g in g  c o n c e n t r a t io n  

o f  th e  s u r fa c ta n t  s o lu t io n  a n d  t h e  tr a d e  l ite r a tu r e  u s u a l ly  q u o t e s  th e  c . p .  o f  a  1%  s o ­
lu t io n .

2.4 M otor Oil

M o t o r  o i l  i s  c o m p l e x  in  c o m p o s i t io n  a n d  h a s  h ig h  h y d r o p h o b ic i t y .  It 
g e n e r a l ly  c o n s i s t s  o f  a t l e a s t  f i v e  m a in  c o m p o n e n t s :  n - p a r a f in ,  i s o p a r a f in ,  c y c lo p a r a -  

f in ,  a r o m a t ic  h y d r o c a r b o n , a n d  m ix e d  a l ip h a t ic  a n d  a r o m a t ic  r in g  ( T u n g s u b u tr a  a n d  

M il l e r ,  1 9 9 2 ) .  In  a d d it io n  t o  t h e s e  m a in  c o m p o n e n t s ,  s e v e r a l  a d d i t iv e s  a re  c o m m o n l y  

a d d e d  t o  th e  o i l  to  a c t  a s  r u s t  in h ib it o r ,  o x id a t io n  in h ib it o r ,  d e t e r g e n t - d is p e r s a n t ,  v i s ­
c o s i t y - in d e x  im p r o v e r ,  p o u r - p o in t  d is p e r s a n t ,  a n d  a n t i f o a m . T h e  E A C N  ( e q u iv a le n t  

a lk a n e  c a r b o n  n u m b e r )  i s  a  p a r a m e te r  u s e d  t o  c h a r a c t e r iz e  th e  h y d r o p h o b ic i t y  o f  d i f ­
f e r e n t  o i l s .  It i s  a n  e q u iv a le n t  n u m b e r  o f  c a r b o n s  in  th e  c o m p l e x  m i x e d  o i l  a s  c o m ­
p a r e d  to  s in g le  c o m p o n e n t  a lk a n e  o i l .  T h e  h ig h e r  t h e  E A C N ,  th e  h ig h e r  th e  h y d r o ­
p h o b ic i t y  o f  th e  m i x e d  o i l  i s .  พ น  et al. ( 2 0 0 0 )  s t u d ie d  a n d  r e p o r te d  th e  E A C N  v a lu e  

o f  m o t o r  o i l  t o  b e  2 3 .5 .
-J

2.5 Microemul^ions

M i c r o e m u ls io n  i s  a  u n iq u e  o f  o p t i c a l ly  c le a r ,  t h e r m o d y n a m ic a l ly  s t a b le  a n d  

l o w  v i s c o u s  s o lu t io n s .  M i c r o e m u l s i o n  i s  w e l l  e s t a b l i s h in g  th e  la r g e  a m o u n t  o f  t w o  

i m m is c i b l e  l iq u id  ( e .g .  w a t e r  a n d  o i l )  c a n  b e  b r o u g h t  in to  a  s in g le  p h a s e  ( m a c r o s c o p -
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i c a l l y  h o m o g e n e o u s  b u t  m i c r o s c o p i c a l l y  h e t e r o g e n e o u s )  b y  a d d it io n  o f  a n  a p p r o p r i­
a te  s u r fa c ta n t  o r  a  s u r f a c ta n t  m ix t u r e .  T h e  m a in ly  d i f f e r e n t  b e t w e e n  n o r m a l  e m u ls i o n  

a n d  m i c r o e n u l s io n  i s  th e ir  p a r t ic a l  s i z e s  a n d  s t a b i l i t y ,  k i n e t i c a l l y  s t a b le  a n d  t h e m o -  

d y n a m ic a l ly  s ta b le .  M i c r o e m u l s i o n  c a n  c l a s s i f i e d  in t o  t w o  t y p e  m ic r o -  a n d  m a c r o e ­
m u ls io n .  T h e  d is t in c t io n  b e t w e e n  t h e s e  t w o  t y p e  o f  m ic r o e m u ls io n  is  d r o p  s i z e s  th a t  

m a c r o e m u ls io n  i s  la g e r e r  a n d  u n s t a b le  s y s t e m s  in  w h i c h  th a t  d r o p le t s  a lw a y s  u n d e r ­
g o  c o a le s c e n e .  M i c r o e m u l s i o n s ,  l ik e  m i c e l l e s ,  a re  c o n s id e r e d  t o  b e  l y o p h i l i c ,  s ta b le ,  
c o l lo i d a l  d i s p e r s io n s  ( H o lm b e r g  et a l ,  2 0 0 2 ) .  S o m e  s y s t e m s  a d d  a  fo u r th  c o m p o n e n t  

c a l le d  c o s u r f a c t a n t  t o  a n  o i l /w a t e r / s u r f a c t a n t  s y s t e m  th a t  c a n  c a u s e  th e  in te r fa c ia l  

t e n s io n  to  d r o p  to  n e a r - z e r o  v a lu e s ,  e a s i l y  o n  t h e  o r d e f  o f  1 0 ~ 3 -  1 0 ” 4 m N / m ,  a l l o w i n g  

s p o n t a n e o u s  o r  n e a r ly  s p o n t a n e o u s  e m u ls i f i c a t io n  t o  v e r y  s m a l l  d r o p  s i z e s ,  t y p i c a l ly  

a b o u t  1 0 - 1 0 0  n m , o r  s m a lle r .  T h e  d r o p le t s  c a n  b e  s o  s m a l l  th a t  t h e y  s c a t t e r  l i t t le  

l ig h t ,  s o  th e  e m u ls i o n s  a p p e a r  t o  b e  tr a n sp a r e n t . U n l ik e  c o a r s e  e m u ls i o n s ,  m ic r o ­
e m u ls i o n s  a re  t h o u g h t  to  b e  t h e r m o d y n a m ic a l ly  s ta b le :  t h e y  d o  n o t  b r e a k  o n  s t a n d in g  

o r  c e n t r i f u g in g .  T h e  t h e r m o d y n a m ic  s t a b i l i t y  i s  f r e q u e n t ly  a t tr ib u te d  t o  a  c o m b i n a ­
t io n  o f  u l t r a - lo w  in t e r f a c ia l  t e n s io n s ,  in t e r f a c ia l  tu r b u le n c e ,  a n d  p o s s i b l y  tr a n s ie n t  

n e g a t iv e  in te r fa c ia l  t e n s io n s  ( S c h r a m m , 2 0 0 5 ) .
T h e  s y s t e m s  o f  m ic r o e m u ls io n s  m a y  b e  w a te r  c o n t in u o u s  ( O /W )  o r  o i l  

c o n t in u o u s  ( W /O )  a s  s h o w n  in  F ig u r e  3 . In  th e  O i l - in - W a t e r  ( O /W )  m i c r o e m u l s io n s ,  
th e r e  i s  a  c o n t in u o u s  p h a s e  o f  w a t e r  c o n t a in in g  u n c o n n e c t e d  d r o p le t s  o f  th e  o i l  p h a s e .  
T h e  O /W  m i c r o e m u l s io n s  w i l l  e x h i b i t  th e  a b i l i t y  t o  w e t  h y d r o p h i l i c  s u r f a c e s  o n  

c o n t a c t  a n d  w i l l  e x h i b i t  e l e c t r ic a l  c o n d u c t iv i t i e s  c h a r a c te r is t ic  o f  a n  a q u e o u s  p h a s e .  
O n  th e  o th e r  h a n d , T h e  W /O  m i c r o e m u l s io n s  w i l l  e x h ib i t  th e  a b i l i t y  to  w e t  h y d r o -  

p h o b ic  s u r f a c e s  o n  c o n t a c t  a n d  w i l l  e x h i b i t  e l e c t r i c a l  c o n d u c t iv i t i e s  c h a r a c t e r is t ic  o f  

th e  o i l  p h a s e .  W h e n  th e  v o lu m e  o f  o i l  a n d  w a t e r  in  th e  m i c r o e m u l s io n s  a re  a p p r o x ­
i m a t e ly  e q u a l ,  th e  m i c r o e m u l s io n s  m a y  h a v e  a  b ic o n t in u o u s  s tr u c tu r e . ( H o lm b e r g  et 
a l ,  2 0 0 2 )

t
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พ
O il - in - W a t e r

m ic r r o e m u ls io n
W a t e r - in - O i l

m ic r r o e m u ls io n

Figure 2.3 I l lu s tr a t io n  o f  th e  O i l  in  W a t e r  ( O /W )  a n d  th e  W a t e r  in  O il  ( W /O )  

m ic r o e m u ls io n s .

T h e  m o s t  s tu d ie d  p h a s e  e q u i l ib r ia  o f  m ic r o e m u l s io n s  a re  p r o b a b ly  th e  W in -  

s o r - T y p e  m ic r o e m u ls io n s .  T h e r e  a re  fo u r  t y p e s  o f  m i c r o e m u l s io n s ,  a s  s h o w n  in  F i g ­
u r e  3:

2 .4 .1 .  W in s o r ’ s  T y p e  I: O i l - in - W a t e r  m i c r o e m u l s io n s  in  e q u i l ib r iu m  w i t h  

e x c e s s  o i l .
2 .4 .2  W in s o r ’s  T y p e  II: W a t e r - in - O i l  m i c r o e m u l s io n s  in  e q u i l ib r iu m  w i t h  

e x c e s s  w a te r .
2 .4 .3  W in s o r ’s  T y p e  III: m id d le  p h a s e  m i c r o e m u l s io n s  in  e q u i l ib r iu m  w i t h  

a n  e x c e s s  o f  b o th  w a te r  a n d  o i l .
2 .4 .4  W in s o r ’ s  T y p e  IV : s in g le  p h a s e  m i c r o e m u ls io n s .

I
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2 phases 3 phases 2 phases single phase

Excess
oil

0 / พ

Winsor’s Type 
microemulsions

พ

III

w/o

Excess
water

IV 
— ►

Increasing temperature (nonionic surfactants)

o  =  o i l  p h a s e  
พ  =  w a t e r  p h a s e  
M  =  m id d le  p h a s e

Figure 2.4 W in s o r  c l a s s i f i c a t io n  a n d  p h a s e  s e q u e n c e  o f  m ic r o e m u l s io n s  

e n c o u n t e r e d  a s  te m p e r a tu r e  fo r  n o n io n ic  s u r fa c ta n t .

F o r  n o n io n ic  s u r fa c ta n t , a  tr a n s fo r m a t io n  in  th e  s y s t e m  fr o m  W in s o r ’ s  T y p e  

I to  T y p e  III to  T y p e  II c a n  b e  a c h ie v e d  b y  p r o g r e s s iv e ly  c h a n g in g  te m p e r a tu r e ,  th e  

m o le c u la r  s tr u c tu r e  o f  th e  s u r fa c ta n t  a n d  c o s u r f a c ta n t ,  th e  o i l - t o - w a t e r  r a t io ,  o r  th e  

s tr u c tu r e  o f  o i l  in  a  h o m o l o g o u s  s e r ie s .
F o r  a  g iv e n  c h e m ic a l  s y s t e m ,  p h a s e - t y p e  d ia g r a m s  c a n  b e  c o n s t r u c t e d  th a t  

s h o w  th e  r e g im e s  in  w h i c h  e a c h  ty p e  o f  m i c r o e m u ls io n s  w i l l  e x i s t .  T h e s e  c a n  b e  u s e d  

to  u n d e r s ta n d  a n d  p r e d ic t  th e  e f f e c t s  o f ,  fo r  e x a m p l e ,  in c r e a s in g  s a l in i t y  o r  

t e m p e r a tu r e ,  w h i c h  te n d  to  s h i f t  th e  m i c r o e m u ls io n s  t y p e  d i r e c t io n a l ly  f r o m  T y p e  I t o  

T y p e  III t o  T y p e ' l l .  T y p e  III m i c r o e m u ls io n s  c a n  b e  t h o u g h t  o f  a s  b i - c o n t in u o u s  in  

w h i c h  th e  a q u e o u s  a n d  o i l  p h a s e s  a re  m u t u a l ly  in te r tw in e d .
T h e  t r a n s it io n  o f  W in s o r ’s  T y p e  I-III-II  i n f l u e n c e s  th e  t w o  in t e r e s t in g  

p r o p e r t ie s  o f  m ic r o e m u ls io n s  w h ic h  a re  s o lu b i l i z a t i o n  a n d  in t e r f a c ia l  t e n s io n  ( I F T ) ,  
d u e  to  th e  c h a n g in g  o f  th e  m ic r o s tr u c tu r e .  F ig u r e  4  s h o w s  th e  r e la t io n s h ip  b e t w e e n  

th e  ty p e  o f  m ic r o e m u ls io n s  a n d  th e  in te r fa c ia l  t e n s io n .
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F ig u re  2 .5  P h a s e  b e h a v io r  s h o w i n g  in te r fa c ia l  t e m s i o n  ( I F T )  a s  a  f u n c t io n  o f  

s c a n n in g  v a r ia b le s .  W h e r e  o  i s  o i l ;  พ  is  w a te r ;  M  is  m id d le  p h a s e ;  W m  is  O i l - in -  

W a t e r  ( O /W )  m i c r o e m u ls io n s ;  O m  is  W a t e r - in - O il  ( W /O )  M ic r o e m u ls io n s .

T h e  r e g io n  o n  th e  le f t  h a n d  s id e  o f  F ig u r e  4  is  W in s o r ’s  T y p e  I w h e r e  O il-  

in - W a t e r  ( O /W )  m i c r o e m u l s io n s  e x i s t  a lo n g  w i t h  a n  e x c e s s  o i l  p h a s e .  I F T  b e t w e e n  

th e  e x c e s s  o i l  p h a s e  a n d  th e  m ic e l la r  s o lu t io n  (Yo/m) d e c r e a s e s  w i t h  in c r e a s in g  

t e m p e r a tu r e  o r  s a l in i t y .  W h e n  th e  m id d le  p h a s e  is  f o r m e d , th e  m ic r o e m u l s io n s  

b e c o m e  a  b i c o n t in u o u s  s tr u c tu r e  in  e q u i l ib r iu m  w i t h  e x c e s s  o f  b o t h  o i l  a n d  w a te r  

p h a s e s .  I F T  b e t w e e n  th e  e x c e s s  o i l  a n d  th e  m id d le  p h a s e  (Yo/m) fu r th e r  d e c r e a s e s  w it h  

in c r e a s in g  te m p e r a tu r e  o f  s a l in i t y  w h i l e  IF T  b e t w e e n  th e  e x c e s s  w a t e r  a n d  th e  m id d le  

p h a s e s  (Yw/m) i s  in c r e a s e d .  T h e  p o in t  in  th e  T y p e  III r e g io n  w h e r e  Yo/m e q u a l s  t o  Yw/m
is  k n o w n  a s  th e  m in im u m  IF T  o r  o p t im u m  s ta te .

-1

M ic r o e m u l s i o n  a p p l i c a t io n s  s p a n  m a n y  a r e a s  i n c lu d in g  e n h a n c e d  o i l  r e c o v ­
e r y , s o i l  a n d  a q u îf e r  d e c o n t a m in a t io n  a n d  r e m e d ia t io n ,  f o o d s ,  p h a r m a c e u t ic a l s  (d r u g  

d e l iv e r y  s y s t e m s ) ,  c o s m e t i c s ,  a n d  p e s t ic id e s .  T h e  w id e s p r e a d  in te r e s t  in  m ic r o e m u l ­
s io n s  a n d  u s e  in  t h e s e  d i f f e r e n t  in d u s tr ia l  a p p l ic a t io n s  a re  b a s e d  m a in ly  o n  th e ir  h ig h  

s o lu b i l i z a t i o n  c a p a c i t y  fo r  h y d r o p h i l i c  a n d  l ip o p h i l i c  c o m p o u n d s ,  th e ir  la r g e  in te r fa ­
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c ia l  a r e a s , th e  u l t r a - lo w  in t e r f a c ia l  t e n s io n s  a c h i e v e d  w h e n  t h e y  c o e x i s t  w i t h  e x c e s s  

a q u e o u s  a n d  o i l  p h a s e s ,  a n d  th e ir  lo n g - t e r m  s t a b i l i t y .
C o x  et al. ( 1 9 8 4 )  d e t e r m in e d  th e  e f f e c t  o f  s u r fa c ta n t  c o m p o s i t io n  o n  

p e r f o r m a n c e  in  o r d e r  to  d e t e r m in e  th e  o p t im u m  n o n io n ic  fo r  h a r d -s u r f a c e  c le a n in g .  
T h e  h a r d -s u r f a c e  c l e a n in g  p e r f o r m a n c e  o f  v a r io u s  n o n io n ic  h o m o l o g s  w a s  e v a lu a t e d  

a s  a  f u n c t io n  o f  c a r b o n  c h a in  le n g t h ,  e t h y le n e  o x id e  ( E O )  c o n t e n t ,  b le n d in g  a n d  

c o n c e n t r a t io n .  T h e  r e s u lt  s h o w s  th a t  c a r b o n  c h a in  le n g t h  to  b e  v e r y  im p o r ta n t  to  

h a r d -s u r f a c e  c l e a n i n g  p e r f o r m a n c e  o f  g r e a s e ,  w a x ,  a n d  p a r t ic u la t e  s o i l s  d r a m a t ic a l ly  

i n c r e a s e s  a s  c a r b o n - c h a in  le n g t h  d e c r e a s e s ,  p r o b a b ly  a s  a  r e s u lt  o f  a n  in c r e a s e  in  

s o l v e n c y  p r o p e r t ie s  a s  c a r b o n  c h a in  le n g t h  is  d e c r e a s e d .  E O  c o n t e n t  i s  a l s o  im p o r ta n t ,  
p a r t ic u la r ly  i f  n o n io n ic s  w i t h  lo n g e r  c a r b o n  c h a in  le n g t h s  a re  u s e d .  S u r fa c ta n t  

c o n c e n t r a t io n  ( d i lu t io n )  h a s  l i t t le  e f f e c t  o n  th e  o p t im u m  e t h y le n e  o x i d e  c o n t e n t  b u t  

s ig n i f i c a n t ly  a f f e c t s  th e  o p t im u m  c a r b o n  c h a in  le n g t h  o f  th e  h y d r o p h o b e .  O v e r a l l  

r e s u lt s  s h o w  th e  o p t im a l  n o n io n ic  fo r  h a r d -s u r f a c e  c l e a n i n g  to  c o n s i s t  o f  a  b le n d  o f  

C 6 , C 8 , a n d  C IO  a lc o h o l s  e t h o x y la t e d  to  a  5 0 %  E O  le v e l  a t a  v a r ie t y  o f  u s e  c o n c e n ­
tr a t io n s .

A  s e r ie s  o f  e t h o x y l a t e s ,  p r o p o x y la t e s  a n d  m i x e d  a lk o x y l a t e s  b a s e d  o n  

t t - h e x a n o l  w e r e  i n v e s t ig a t e d  b y  M o y  et al. ( 2 0 0 0 )  to  d e t e r m in e  th e  e f f e c t  o f  a lk o x y la -  

t i o n  o n  k e y  p h y s ic a l  p r o p e r t ie s  ( c lo u d  p o in t ,  v i s c o s i t y )  w h i c h  w e r e  p e r f o r m a n c e -  

t e s t e d  in  h a r d  s u r f a c e  a n d  g la s s  c l e a n in g  f o r m u la t io n s .  In  o r d e r  f o r  a  p r o d u c t  t o  b e  

c o n s id e r e d  a  g o o d  g la s s  c le a n e r ,  it  m u s t  l o o s e n  a n d  d i s s o l v e  o i l y  s o i l s  a n d  d r y  q u ic k ­
l y  w i t h o u t  s t r e a k in g  o r  l e a v i n g  r e s id u e s .  T h e  r e s u lt s  s h o w  th a t th e  a lk o x y la t e  t y p e ,  
d e g r e e  o f  a lk o x y la t io n ,  a n d  c a t a ly s t  c h o i c e  a re  im p o r ta n t  t o  c l e a n i n g  p e r f o r m a n c e .  
T h e  C 6  p r o p o x y la t e s  b a s e d  o n  th e  “p e a k e d ” t e c h n o l o g y  s h o w e d  g o o d  h a rd  s u r f a c e  

c l e a n i n g  a n d  l o w  g la s s  s t r e a k in g .  T h e  m i x e d  E O /P O  a lk o x y la t e s  a l s o  s h o w e d  g o o d  

h a r d  s u r f a c e  c l e a n in g .  T h e r e f o r e ,  t h e s e  p r o d u c t s  c a n  f u n c t io n  a s  c o m p o n e n t s  o f  h a rd  

s u r f a c e  c l e a n i n g  f o r m u la t io n s .  T h e y  a re  r e a d i ly  b io d e g r a d a b le ,  h a v e  l i t t le  to  n o  o d o r  

a n d  h a v e  l o w  v é l a t i l e  o r g a n ic  c o n t e n t  d u e  t o  th e ir  l o w  f r e e  a lc o h o l  c o n t e n t .  T h e s e  

p r o d u c t s  a re  g o o d  c a n d id a t e s  fo r  fu r th e r  e v a lu a t io n s .
S m it h  et al. ( 2 0 0 4 )  s tu d ie d  th e  f o r m u la t in g  c l e a n i n g  p r o d u c t s  w i t h  

m i c r o e m u l s io n s  o n  v a r ie t y  o f  d i f f e r e n t  s u r fa c ta n t  s y s t e m s .  T y p ic a l l y ,  a  m ix t u r e  o f  

a n io n ic  a n d  n o n io n ic  s u r f a c ta n t  is  u s e d  a lo n g  w i t h  a  s h o r t  c h a in  a lc o h o l  to  h e lp
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s o lu b i l i z e  th e  o i l  p h a s e  a n d  p r e v e n t  l iq u id  c r y s t a l  f o r m a t io n  le a d in g  to  h ig h  v i s c o s i t y  

g e l s .  W h i le  s h o r t  c h a in  a lc o h o l s  are  e f f e c t i v e ,  t h e y  c o n t r ib u t e  to  th e  v o l a t i l e  o r g a n ic  

s o lv e n t  c o n t e n t  ( V O C )  o f  th e  p r o d u c t  a n d  m a y  p o s e  f la m m a b i l i t y  p r o b le m s .  T h u s ,  a  

v o c  fr e e  s u r fa c ta n t  m ix t u r e  w a s  d e v e lo p e d  fo r  th is  w o r k .  T h e  m ix t u r e  c o n s i s t s  o f  

s o d iu m  x y le n e  a l c o h o l  ( S X S )  a n d  a  b le n d  o f  a n io n ic  a n d  n o n io n ic  s u r f a c ta n t s .  A  

b le n d  o f  h ig h  a n d  l o w  H L B  a lc o h o l  e t h o x y l a t e s  is  u s e d  t o  f in e  tu n e  th e  W in s o r  

r a tio  t o  a l l o w  fo r  u s e  w i t h  a  v a r ie t y  o f  d i f f e r e n t  o i l s .  S X S  i s  u s e d  to  h e lp  s o lu b i l i z e  

th e  l o w  H L B  n o n io n ic ,  p r e v e n t  l iq u id  c r y s ta l  f o r m a t io n  a n d  l o w e r  th e  v i s c o s i t y  o f  th e  

m ic r o e m u ls io n  a t h ig h  o i l  l e v e l s .  A n i o n i c  s u r fa c ta n t  i s  u s e d  to  m i n i m iz e  th e  

te m p e r a tu r e  s e n s i t i v i t y  o f  n o n io n ic  m i c r o e m u l s io n  s y s t e m s .  T h e  r e s u lt  s h o w s  th a t  th e  

e f f i c i e n c y  o f  th e  s u r fa c ta n t  s y s t e m  w a s  f o u n d  t o  i n c r e a s e  w i t h  in c r e a s in g  c o n c e n t r a ­
t io n  o f  n o n io n ic  in  th e  b le n d . W o r k  w a s  p e r f o r m e d  t o  b e t t e r  u n d e r s ta n d  t h e  p h a s e  

b e h a v io r  o f  s i n g l e  p h a s e  m ic r o e m u l s io n s .  T h e  p h a s e  b o u n d a r y  w a s  d e t e r m in e d  b y  

t i t r a t in g  m ix t u r e s  o f  p in e  o i l  a n d  w a t e r  a t d i f f e r e n t  r a t io s  w i t h  th e  u n iv e r s a l  s u r fa c ta n t  

b le n d  u n t i l  th e  m ix t u r e  tu r n e d  fr o m  c lo u d y  t o  c le a r .  M i c r o e m u l s i o n s  p r e p a r e d  a t th e  

e d g e s  o f  th e  d ia g r a m  te n d  to  s h o w  a fa in t  b lu is h  t in t  w h e r e a s  th e  b i c o n t in u o u s  

m ic r o e m u ls io n s  a p p e a r  l e s s  tu r b id . T h is  s u g g e s t s  th a t  o /w  a n d  w /o  m ic r o e m u ls io n s  

a re  c o m p o s e d  o f  d i s c r e e t  p a r t ic le s  o r  s w o l l e n  m i c e l l e s  w h e r e a s  th e  b ic o n t in u o u s  

m ic r o e m u ls io n s  h a v e  a  s p o n g e - l i k e  s tr u c tu r e .
M o r e o v e r ,  w o r k e d  w a s  p e r f o r m e d  t o  m e a s u r e  t h e  c l e a n i n g  p e r f o r m a n c e  o f  

th e  s in g le  p h a s e  m i c r o e m u ls io n s .  T h e  r a t io  o f  o i l  to  w a t e r  in  m o s t  o f  th e  s y s t e m s  is  

c l o s e  to  u n ity ,  f a v o r in g  th e  f o r m a t io n  o f  b ic o n t in u o u s  m i c r o e m u l s io n s .  In  g e n e r a l ,  
th e  h ig h e r  th e  m o le c u l a r  w e i g h t  o f  th e  s o lv e n t ,  t h e  g r e a te r  t h e  s u r f a c ta n t  r e q u ir e m e n t .  
A t t e m p t s  to  p r e p a r e  m ic r o e m u ls io n s  u s in g  o l i v e  o i l  w e r e  n o t  s u c c e s s f u l ,  a n d  

t r ig ly c e r id e s  a re  h ig h  m o le c u la r  w e i g h t  a n d  m a y  r e q u ir e  a  d i f f e r e n t  s u r f a c ta n t  b le n d  

r a t io  t o  o b t a in  g o o d  s u r fa c ta n t  e f f i c i e n c y .

2 .6  L in k e r  M o lé c u le s

L in k e r  m o l e c u l e s  a re  a m p h ip h i le s  th a t  s e g r e g a t e  n e a r  th e  m ic r o e m u ls io n  

m e m b r a n e  e i th e r  n e a r  th e  s u r fa c ta n t  ta il  ( l ip o p h i l i c  l in k e r )  o r  th e  s u r fa c ta n t  h e a d  

g r o u p  (h y d r o p h i l i c  l in k e r ) .
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G r a c ia a  et al. ( 1 9 9 3 )  w a s  th e  f ir s t  g r o u p  w h o  in tr o d u c e d  th e  c o n c e p t  o f  l ip o ­
p h i l i c  l in k e r .  L ip o p h i l ic  l in k e r  is  m o le c u l e s  th a t , w h i l e  p r e s e n t  in  th e  o i l  p h a s e ,  o r ie n ­
ta te  a lo n g  t h e  s u r fa c ta n t  t a i l s  a n d  p r o m o t e  o r ie n t a t io n  o f  o i l  m o l e c u l e s  fu r th e r  in to  

th e  o i l  p h a s e .  L ip o p h i l ic  l in k e r  th u s  s e r v e  a s  a  l in k  b e t w e e n  o i l  m o l e c u l e s  a n d  th e  

s u r fa c ta n t  t a i l s .  It w a s  f o u n d  th a t  th e  s o lu b i l i z a t i o n  e n h a n c e m e n t  p la t e a u s  ( s a tu r a te s )  

a b o v e  a  c e r ta in  l ip o p h i l i c  l in k e r  c o n c e n t r a t io n .  F ig .  5  s h o w s  th e  s c h e m a t ic  o f  th e  l i ­
p o p h i l i c  l in k e r  e f f e c t  o r ig in a l ly  p r o p o s e d  b y  G r e a c ia a  e t  a l . .

O il so lu b iliza tio n  with Oil so lu b iliza tio n  w ith  su r fa cta n t  
su r fa cta n t only  a n d  lipophilic lin k ers  - p r o m o te s

o rien ta tion  0 ; oil m o le c u le s

F ig u r e  2 .6  S c h e m a t ic  o f  th e  l ip o p h i l i c  l in k e r  e f f e c t  ( G a r c ia a  et a l ,  1 9 9 3 ) .

B e c a u s e  th e  l ip o p h i l i c  l in k e r  b e c o m e s  s a tu r a te d  a t th e  h ig h  c o n c e n t r a t io n ,  
t h e y  p r o p o s e d  th e  u s e d  o f  h y d r o p h i l i c  l in k e r  m o l e c u l e s  t o  c o a d s o r b  w i t h  th e  s u r f a c ­
ta n t  a t th e  o i l /w a t e r  in te r fa c e .  L i p o p h i l i c  l in k e r  m ig h t  h a v e  th e  s h o r t  h y d r o p h o b e  

w h i c h  w a s  r e s u lt  in  m in im a l  in te r a c t io n  w i t h  th e  o i l  m o le c u l e .  T h e  c o n c e p t  m o d e l  is  

w h e r e a s  l ip o p h i l i c  l in k e r s  f i t  in  b e t w e e n  s u r fa c ta n t  m o l e c u l e s ,  th e  h y d r o p h i l i c  l in k e r  

o p e n  u p  a  s p a c e  o n  th e  o i l  s id e  o f  th e  in t e r f a c e  in  w h i c h  th e  l ip o p h i l i c  l in k e r  s e g r e ­
g a t e s .

Surfactant

f
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W a ter O ptim um  hydroph ilicd ipop hilic  balance O il

4-Surfacjtant
Aqueous conven t [e g., methanol)

Hydrotropc (c.g., sodium xylene sulfon&tc) 1
Oil cosolvcnl [long-chain ฟohols. 
K ahlvV fit ( 7)1

H y d r o p h il ic  l in k e r  [U e h iy a m fl ct at. (8 )]j L ip h o p h il ic  lin k e r  [G ru ciu a  cl at. ( 5 ,6 ) ]  

Cosurfaclams (c.g.. m e d iu m  chain alcohols)

F ig u re  2 .7  R e la t iv e  h y d r o p h i l i c / l i p o p h i l i c  c h a r a c te r  o f  m i c r o e m u l s io n  a d d it iv e s  

( A c o s t a  E . et al., 2 0 0 2 ) .

A c o s t a  et al. ( 2 0 0 2 )  s t u d ie d  th e  r o le  o f  th e  h y d r o p h il ic  l in k e r  i s  e x p l a i n e d  b y  

s o lu b i l i z a t i o n  s t u d ie s ,  in t e r f a c ia l  t e n s io n ,  a n d  b y  s t u d y in g  th e  p a r t i t io n in g  o f  th e  h y ­
d r o p h i l ic  l in k e r  in to  a n  o p t im u m  m id d le  p h a s e .  T h i s  r e s e a r c h  u s e d  a lk y l  n a p h th a le n e  

s u l f o n a t e s  a s  th e  h y d r o p h i l i c  l in k e r ,  s o d iu m  d i h e x y l  s u l f o s u c c i n a t e  a s  th e  s u r fa c ta n t ,  
a n d  t r ic h lo r o e t h y le n e  a s  th e  o i l  p h a s e .  T h e  h y d r o p h i l i c  l in k e r  w a s  e f f e c t i n g  w i t h  th e  

in t e r f a c ia l  p r o p e r t ie s  b e t w e e n  a  h y d r o tr o p e  a n d  a  c o s u r f a c ta n t .  M o r e o v e r e ,  th e  h y ­
d r o p h i l ic  l in k e r  is  a n  a m p h ip h i le  th a t  c o a d s o r b s  w i t h  th e  th e  o i l /  w a t e r  in t e r f a c e  b u t  

h a s  t h e  n e g l i g ib le  in t e r a c t io n  w i t h  th e  o i l  p h a s e ,  th e  r o le  o f  th e  h y d r o p h i l i c  l in k e r  c a n  

th u s  a s  o p e n in g  “ h o l e s ”  in  th e  in te r fa c e .
U c h iy a m a  et al. ( 2 0 0 0 )  s t u d ie d  th e  e f f e c t  o f  l in k e r  m o le c u l e s  o n  th e  s o l u b i l i ­

z a t io n  c a p a c i t y  o f  a n io n ic  s u r fa c ta n t  s y s t e m .  T h e y  u s e d  S o d iu m  d i h e x y l  s u l f o s u c c i ­
n a te  in  t h is  s tu d ie d . In  th e  t r i c h lo e t h y le n e ,  t e t r a c h lo r o e t h y le n e ,  a n d  h e x a n e  s y s t e m  

t h e y  u s e d  N - A l k y l  a l c o h o l s  a s  a  l ip o p h i l i c  l in k e r  in  th e  m id d le  p h a s e  m i c r o e m u ls io n .  
T h e  r e s u lt  o f  th e  l ip o p h i l i c  l in k e r  i s  in c r e a s e  th e  s o lu b i l i z a t i o n  c a p a c i t y  o f  th e  a n io n ic  

s u r f a c ta n t  d u e  to  T h e  c o n c e n t r a t io n  o f  a l c o h o l s .  M o r e o v e r ,  th e  l o n g e r  c h a in  a lc o h o l  is  

m o r e  e f f e c t i v e  in  th e  s o lu b i l i z a t i o n  c a p a c i t y .  S o d iu m  m o n o -  a n d  d im e t h y ln a p t h a le -I
n e s u l f o n a t e  is  p r o p o s e d  a s  a  h y d r o p h il i c  l in k e r  t o  e n h a n c e  th e  s o lu b i l i z a i t o n  o f  l o w e r  

E A C N  o i l .  T h e  c o m b in a t io n  o f  l ip h o p h i l i c  a n d  h y d r o p h il i c  l in k e r s  s y n e r g is t ic a k k y  

e n h a n c e s  th e  s o lu b i l i z a t i o n  c a p a c i t y  o f  c h lo r in a t e d  h y d r o c a r b o n  m i c c r o e m u ls i o n .
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2.7 Fish Diagram

T h e  f i s h  d ia g r a m  h a s  b e e n  u s e d  t o  d e s c r ib e  th e  p h a s e  b e h a v io r  o f  m ic r o ­
e m u ls i o n  s y s t e m s  f o r  d e c a d e s .  A s  s h o w n  s c h e m a t i c a l ly  in  F ig u r e  5 ,  t h e  f i s h  d ia g r a m  

l o o k s  l ik e  a  lo w e r  c a s e  G r e e k  g a m m a  w i t h  a  W in s o r ’ s  T y p e  I m i c r o e m u l s io n s  a t l o w  

c o s u r f a c t a n t  c o n c e n t r a t io n ,  a  T y p e  III in s id e  t h e  c l o s e d  l o o p  a n d  T y p e  II a t h ig h  

c o s u r f a c t a n t  c o n c e n t r a t io n .  A  W in s o r ’s  T y p e  I V  m i c r o e m u l s io n s  o c c u r s  a t h ig h  

s u r fa c ta n t  c o n c e n t r a t io n  a n d  c o r r e s p o n d s  t o  th e  w h o l e  s o lu t io n  b e in g  a  s in g le  h o m o ­
g e n e o u s  s u r f a c ta n t -r ic h  p h a s e .  T h e  l o w e s t  s u r f a c ta n t  c o n c e n t r a t io n  a t w h i c h  th e  T y p e  

III m ic r o e m u ls io n s  i s  k n o w n  a s  th e  c r i t ic a l  m i c r o e m u l s io n  c o n c e n t r a t io n  o r  C p C ;  

s in c e  th e  v o lu m e  o f  t h e  m id d le  p h a s e  i s  t o o  s m a l l  to  b e  v i s u a l l y  o b s e r v e d  a t th e  C p C ,  
th e  s u r fa c ta n t  c o n c e n t r a t io n  th a t  f ir s t  p r o d u c e  th e  u l t r a - lo w  I F T  w h i c h  is  o n ly  

a t ta in e d  w h e n  a  T y p e  III m ic r o e m u ls io n s  i s  p r e s e n t .

Figure 2.8 S c h e m a t ic  r e p r e s e n t a t io n  o f  n o r m a l  f i s h  p h a s e  d ia g r a m . R o m a n  n u m e r a ls  

r e fe r  t o  th e  W in s o r  T y p e  m ic r o e m u ls io n  e x i s t i n g  a t th a t  c o n d i t io n .
น

Y a n g  e t  al. ( 2 0 0 8 )  s t u d ie d  th e  th r e e - p h a s e  b e h a v io r  o f  q u a te r n a r y  s y s t e m s  

c o m p r is in g  V —la u r o y l—jV—m e t h y lg lu c a m id e  ( M E G A - 1 2 ) / a l c o h o l / a l k a n e / w a t e r  b y  

u s in g  £ - /?  f i s h l ik e  p h a s e  d ia g r a m s ,  w h e r e  8  a n d  p  i s  th e  m a s s  f r a c t io n s  o f  th e  a lc o h o l  

a n d  s u r fa c ta n t  in  th e  s y s t e m ,  r e s p e c t iv e ly .  T h e  e f f e c t s  o f  d i f f e r e n t  a l c o h o l s ,  a lk a n e s ,  
a n d  N a C l  c o n c e n t r a t io n s  in  th e  a q u e o u s  p h a s e  o n  th e  p h a s e  b e h a v io r  a n d  s o lu b i l i z a ­
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t io n  c a p a c i t y  w e r e  in v e s t ig a t e d ;  th e n  it  c a n  b e  d i s c u s s e d  f r o m  th e ir  ร - /?  f i s h l ik e  p h a s e  

d ia g r a m s . In t h is  p a p e r , th e  o r d e r  o f  th e  m a x im u m  s o lu b i l i z a t i o n  c a p a c i t y  fo r  

d if f e r e n t  a lc o h o l s  in v e s t ig a t e d  i s  1 - h e x a n o l  >  1 - p e n t a n o l  >  1 - b u t a n o l ,  a n d  fo r  a lk a n e s  

i s  77-o c t a n e  >  /7 - d e c a n e  >  /7- d o d e c a n e .  N a C l  c o n c e n t r a t io n s  h a v e  a  l i t t le  in f l u e n c e  o n  

th e  p h a s e  b e h a v io r .
C h a i et al. ( 2 0 0 3 )  s tu d ie d  th e  f i s h l ik e  p h a s e  d ia g r a m s  f o r  th e  q u a te r n a r y  s y s ­

t e m  o f  a lk y l  p o l y g lu c o s id e  (A P G :  C g/ioG y o r  C i 2/ i 4 G / ) / a lc o h o l /a lk a n e /w a t e r  

m ix t u r e s  a t 4 0  ° c .  A l c o h o l  in  t h e s e  m ic r o e m u l s io n  s y s t e m s  a c t s  a s  b o t h  a  c o s u r f a c - .  

ta n t  a n d  a  c o s o lv e n t .  T h e  d is to r te d  s h a p e  o f  th e  f i s h  b o d y  r e g io n  is  b e l i e v e d  t o  b e  a  

d ir e c t  c o n s e q u e n c e  o f  th e  c o m p e t i t io n ,  b e t w e e n  t h e  in c o r p o r a t io n  o f  7 7 -b u ta n o l 
m o le c u l e s  in to  th e  in te r fa c ia l  f i lm  a n d  i t s  s o lu b i l i t y  in  t h e  b u lk  o i l  p h a s e .  T h e  c o o r d i ­

n a te s  a t th e  “ h e a d ” ( yb, <%) a n d  “ t a i l”  (ye, c?e)  p o in t s  o f  th e  p h a s e  d ia g r a m  a re  

o b ta in e d  b y  u s in g  th e  H L B  p la n e  e q u a t io n .  T h e  Ye v a lu e s  r e v e a l  th e  m in im u m  to ta l  

c o n c e n t r a t io n  o f  A P G  fo r  g e t t in g  a s in g le  m ic r o e m u l s io n  s y s t e m  w h i l e  th e  r a t io  o f  

w a te r  to  o i l  i s  e q u a l  1. T h e  m a s s  f r a c t io n  o f  a lc o h o l  in  th e  h y d r o p h i l e - l i p o p h i l e  

b a la n c e d  in te r fa c ia l  la y e r  ( ,4 s )  v a lu e  o f  C s/ ioG i .31 i s  la r g e r  th a n  th a t  o f  C 12/ 14G 1.4 3 , 
w h ic h  s h o w s  th a t C 12/ 14G 1.43 m o le c u l e s  a re  l e s s  h y d r o p h i l i c  a n d  l e s s  a lc o h o l  is  

n e e d e d  t o  b a la n c e  th e  h y d r o p h i l e - l i p o p h i l e  f i lm .  C 12/ 14G 1.43 h a s  s m a l l e r  Ye v a lu e ;  

th e r e fo r e  i t s  s o lu b i l i z a t i o n  i s  la r g e r  th a n  th a t  o f  C s / i o G n i -  A d d i t io n a l ly ,  th e  e f f e c t s  o f  

a lk a n e s  a n d  a lc o h o l s  o n  th e  p h a s e  b e h a v io r  a re  a ls o  in v e s t ig a t e d .  T h e  r e s u lt  s h o w s  

th a t  b o th  h a v e  n o t a b le  in f lu e n c e  o n  th e  f i s h l ik e  p h a s e  d ia g r a m , t h e  c o m p o s i t io n  o f  

th e  o p t im u m  m id d le  p h a s e  ( C s ,  C A a n d  ,4 s ) . It w a s  f o u n d  th a t  th e  a l c o h o l s  w i t h  l o n g ­
e r  h y d r o c a r b o n  c h a in ,  o i l  m o le c u l e s  w i t h  s m a l le r  o n e s  c a n  in c r e a s e  t h e  s o lu b i l i z a t i o n  

o f  th e  m ic r o e m u ls io n s .
C h a i et al. ( 2 0 0 7 )  s tu d ie d  th e  m id d le - p h a s e  b e h a v io r  f o r  th e  q u a te r n a r y  s y s ­

t e m  o f  s o d iu m  d o d e c y l  s u l f o n a t e  ( A S )  ( s o d iu m  d o d e c y l  s u l f a t e ,  S D S ;  s o d iu m  

d o d e c y l  b e n z e n e  s u l f o n a t e ,  S D B S ) / a l c o h o l /o i l / w a t e r  w i t h  a  n o v e l  ร - /?  ( e  is  th e  m a s s  

f r a c t io n  o f  a lc o h o l  in  th e  w h o l e  s y s t e m ,  /? i s  th e  m a s s  r a t io  o f  s u r fa c ta n t  in  th e  w h o l e  

s y s t e m )  f i s h l ik e  p h a s e  d ia g r a m  at 4 0  ° c .  T h e  c o m p o s i t io n  o f  th e  h y d r o p h i l e -  

l ip o p h i l e  b a la n c e d  in te r fa c ia l  la y e r  w a s  d e te r m in e d .  A  s e r ie s  o f  p h a s e  in v e r s io n s  o f  

W in s o r  I ( 2 ) —>III ( 3 ) —T I ( 2 )  w e r e  o b s e r v e d  fr o m  th e  f i s h l ik e  p h a s e  d ia g r a m  c le a r ly ,
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and some important physicochemical parameters o f the microemulsion were 
calculated precisely. The coordinates at the “fish tail” point o f the phase diagram, /?E  

and eE, reveal the minimum amounts o f surfactant and alcohol to form single phase 
microemulsion, respectively; therefore, /?E and £e can be used to estimate the 
solubilization power o f the microemulsion system. The smaller the value o f /?E  and 
£E, the larger the solubilization power o f the microemulsion system. The order o f the 
solubilization power o f three anionic surfactants studied is: SDBS »  SDS > AS. The 
oils with short carbon chain lengths and the alcohols with long carbon chain lengths 
are o f high solubilization power o f their microemulsions, inorganic salt (NaCl) 
facilitates the microemulsion inversionWinsor I—>-111—>11.

Mitra and Paul (2005) investigated the phase behavior o f Brij-56/ 
1-butanol/«-heptane/water at 30 ๐c  with a [weight fraction o f oil in (oil + water)] =
0.5, wherein a 2 —> 3 —» 2 phase transition occurs with increasing พ \ (weight 
fraction o f 1-butanol in total amphiphile) at low X  (weight fraction o f both the 
amphiphiles in the mixture) and a 2 —» 1 —> 2 phase transition occurs at higher X. 
Addition o f an ionic surfactant, sodium dodecylbenzene sulfonate, destroys the three- 
phase body and decreases the solubilization capacity o f the system at different Ô 
(weight fraction o f ionic surfactant in total surfactant). No three-phase body is 
formed for Brij-56/ionic surfactant(s)/l-butanol/n-heptane/water system; instead a 
wide channel o f single-phase region is formed. Increasing temperature increases the 
solubilization capacity o f the Brij-56 system, whereas it has negligible effect on the 
Brij-56/SDBS mixed system. Addition o f salt (NaCl) induces three-phase body 
formation in the Brij-56/SDBS system, and the solubilization capacity o f both single 
and mixed surfactant systems increases with addition o f NaCl. The monomeric 
solubility o f 1-butanol in oil phase (Si) is decreased, whereas the interfacial concen­
tration o f 1-butanol (S6!) increases with the addition o f NaCl, which in turn increases 
the solubilization capacity o f these systems.

Lee and Lim (2005) examined the morphologies o f two-phase emulsions in 
the ternary 2-butoxyethanol/n-decane/water system at various temperatures and 
water-to-oil ratios (WORs). The two-phase emulsion morphologies depended on 
temperature, WOR, and amphiphile concentration, and the results are presented in a
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temperature-amphiphile concentration coordinate system or a “fish” diagram. The 
observations made in this work contradict the predictions by the phase inversion 
temperature (PIT) concept. At WOR < 1, a vertical inversion line was observed at 
T  < Tic (lower critical endpoint temperature), dividing the two-phase region into the 
subregions o f B/T (W/O) and T/B (O/W) emulsions. At T > Tuc (upper critical 
endpoint temperature) and at low amphiphile concentrations, only B/T emulsions 
appeared, irrespective o f temperature. At WOR > 1, the situation was reversed; T/B 
emulsions at T < Tic, T/B and B/T emulsions at T > zuc, and T/B emulsions at low 
amphiphile concentrations, irrespective o f temperature. At WOR -  1, two horizontal 
inversion lines, one each at T < Z|C and T  > Tuc, were observed. The morphologies o f 
the two-phase emulsions were B/T or T/B emulsions at low amphiphile concentra­
tions, and at higher amphiphile concentrations T/B at T < T\c and B/T at T > Tuc. All 
these findings along with three-phase emulsion data result in complete emulsion 
morphology diagrams in the tem perature-amphiphile concentration space or fish di­
agram.

Acosta (2008) studied the net-average curvature (NAC) model which is eq­
uation o f state to fit and predict the phase behavior o f microemulsions (pEs) 
formulated with nonionic ethoxylated surfactants and commercial nonylphenol 
ethoxylate (NPEj) surfactants with a range o f alkanes (Cn). The NAC model requires 
three basic parameters: the characteristic curvature o f the nonionic surfactant (Ccn), 
and the scaling length parameter (Z). Five example applications o f the NAC model 
are presented and discussed: (I) fit/prediction o f phase inversion temperature (PIT) 
values, (II) prediction o f phase transition temperatures and characteristic lengths, 
(III) fit/prediction o f interfacial tensions, (IV) prediction o f “fish” phase diagrams, 
and (V) prediction o f the composition o f bicontinuous systems. The NAC model was 
able to predict within 30% the value o f phase volumes and transition temperatures 
for C jE j systems. In all cases, a good agreement was found when the length parame­
ter (Z) was estimàted as 1.4 times the extended length o f the surfactant tail.

The phase behavior o f microemulsions o f motor oil with alcohol ethoxylates 
were studied by Tongkak (2009). The microemulsions for single nonionic surfactant 
system without cosurfactant consists o f alcohol ethoxylate (E03)/different oils/water 
at 30 ๐c  and a  (the mass fraction o f oil to water plus oil) = 0.5. In order to study
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effects o f oils, /7-octane, motor oil and palm oil with different polarity increasing in 
the order: /7-octane < motor oil < palm oil were studied. The volume of both oil 
phase and water phase did not change and no middle microemulsion phase was 
formed with all o f  oils. From this result, the hydrophilic-lipophilic balance o f these 
systems did not balance to form microemulsions because o f high hydrophilicity o f 
alcohol ethoxylates (E03). However, the Water-in-Oil (พ /(ว) microemulsion phase 
(W insor’s type II) could occur in high concentration o f alcohol ethoxylate (E 03) 
around 10% wt/vol with only /7-octane because /7-octane had smaller molecule to pe­
netrate the surfactant palisade layer and alcohol ethoxylate (E 03) was enough oil 
soluble surfactant to solubilize /7-oetane. The microemulsions for single nonionic sur­
factant system (alcohol ethoxylate (E 03)) with cosurfactant (/7-butanol) at 30 °c and 
a  = 0.5 formed microemulsions with motor oil and /7-octane. The microemulsion 
formation with only motor oil could occur in Oil-in-W ater (W insor’s type I), middle 
(W insor’s type III) and Water-in-Oil (W insor’s type II) microemulsion phase and the 
fish diagram was constructed because o f the balance o f hydrophilic-lipophilic at 
interfacial layer. The microemulsion formation with /7-octane still occurred in only 
Water-in-Oil (W/O) microemulsion phase (W insor’s type II).

She was also studied the effect o f EO groups o f alcohol ethoxylates on 
microemulsions. The result shows that surfactant which has higher EO group has 
higher hydrophilic increasing in the order: E 03  < E 05  < E 0 7  < E 0 8  < E 09. 
Furthermore, the fish diagram o f alcohol ethoxylate (E03)/m otor oil/water with 
cosurfactant (/7-butanol) were constructed at three different temperatures to underline 
the effect o f temperature on the phase behavior o f these systems. The temperature 
showed a significant effect on the microemulsion phase transformation and the Criti­
cal micelle concentration (CpC) value which decreased with increased temperature. 
With increasing temperature, the system reached hydrophilic-lipophilic balance at 
lower surfactant and alcohol concentrations and the capacity to solubilize equal 
amount o f oil anti water increased in temperature. Alcohol ethoxylate (E 03) become 
less hydrophilic with rise in temperature and hence less amount o f lipophilic 
/7-butanol was required to form the balance. These systems occured middle micro­
emulsion phase because there was /7-butanol which acted as cosurfactant and 
cosolvent. The role o f a cosurfactant is to ensure the existence o f the association



H Q fn jfm a น ส ํเแ ก ,’ u r jv ,ย ท ร ัViย าก :  
ช ุพ าล )ก ร ก น ท ท ๅพ )-)1ๅย 20

structure and to destroy the liquid crystalline and/or gel structure which obviate the 
formation o f microemulsion. Alcohol molecules arrange themselves in the 
hydrophilic-lipophilic layer with the OH group orient toward the aqueous domain so 
as to change the hydrophilicity, making the interfacial layer more lipophilic or less 
hydrophilic. *

*
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